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Abstract
Background
Schizophrenia and substance use disorders (SUDs) are often comorbid conditions that present clinical challenges due to their heterogeneity and the difficulties associated with poor physical health, low medication adherence, high relapse and hospitalization rates, and increased risk of mortality. This is often exacerbated by a fragmented health care system that treats addiction and mental illness separately, leading to delays in proper diagnosis and treatment.

Main text
The aim of this narrative review, based on an extensive literature search and experts’ clinical experience, is to synthesize evidence on the psychopathological and clinical characteristics of patients, the burden and management at the level of healthcare system, and possible gaps in the treatment of schizophrenia with comorbid SUD in order to understand and address the needs of patients. Treatment options, differences between antipsychotic medications, and the benefits of long-acting formulations and partial dopaminergic agonists are described. Partial dopamine agonists (aripiprazole, cariprazine, and brexpiprazole) have demonstrated good control of psychotic symptoms and SUDs with a favorable safety profile.

Conclusion
Pharmacological interventions should be accompanied by psychosocial support within an integrated and multidisciplinary approach that promotes shared decision-making and a good therapeutic alliance between the entire medical team and the patient.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12991-024-00529-7.
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Introduction
Schizophrenia is a serious and prevalent psychiatric illness that affects approximately 0.3% of the worldwide population [1, 2]. It is a disabling mental health condition characterized by positive symptoms (delusions, hallucinations, disorganized speech, and/or behavior), negative symptoms (apathy, social isolation, blunted affect), as well as motor alterations, and impaired cognitive and affective domains [3].
Dual disorders refer to the simultaneous occurrence of addiction and other mental health disorders [4]. A common dual disorder is the coexistence of substance use disorders (SUDs) and schizophrenia, which poses important challenges both at the diagnostic and therapeutic levels [5, 6]. Moreover, the SUD often complicates the psychopathological prognosis and makes clinical status heterogeneous and difficult to manage due to a tendency to poor adherence to treatment, high drop-out rates, legal problems, as well as greater risks for infections such as HIV and hepatitis [7–9]. Higher hospitalization and relapse rates, higher mortality, and decreased functionality have also been described [10, 11].
Schizophrenia and SUDs are frequently chronic conditions that require prolonged care beyond that provided by short-term programs and acute care services. The two disorders affect each other, and substantial variation in their severity and respective impacts makes each clinical situation different, with specific features and treatment needs. People with schizophrenia and comorbid SUD (SCHZ/SUD) often experience poor physical health and social support, and face double stigma and care access difficulties [12]. Failure to address the complex needs of this population can lead to high hospitalization rates and longer inpatient treatment, which increase healthcare burden and costs [13, 14]. Furthermore, people with SCHZ/SUD are prone to experience the wrong-door phenomenon, which occurs when a patient enters the system and bounces back and forth between mental health and addiction services without receiving the correct diagnosis and treatment [15]. This can result in the fragmentation of care, poor patient engagement, and treatment withdrawal, highlighting the need for an integrated and holistic approach [16].
Regarding treatment guidelines, limited data are available supporting the use of specific pharmacological or psychological interventions for people with SCHZ/SUDs [17], so they are usually treated with the same approach as patients without SUD. Because this patient profile is often excluded from clinical trials, high-quality evidence is lacking. The dual-paradigm approach requires consideration of the influence of one disorder on the other, reflecting common circuits and systems, and this is not addressed in the guidelines. The aim of this review is to examine the evidence regarding the clinical features, patients’ and healthcare burdens, and critical areas in the management of SCHZ/SUD to establish a basis for understanding patient needs. We will cover the treatment options and provide expert-based guidance on feasible pharmacological and psychosocial interventions to improve patient prognosis.

Methods
A literature search was conducted using the PubMed and Cochrane Library databases for recent publications from January 1, 2018, to September 30, 2023, updated at the time of peer-review in September 2024, and restricted to English- and Spanish-language bibliography (see the initial scoping exercise to frame the search in Additional file 1). The following search terms were used, alone or in various combinations using the Boolean operator AND: “schizophrenia”, “schizophre*”, “dual diagnosis”, “dual disorder”, “substance use”, “substance abuse”, “substance use disorder”, “drug abuse”, “substance”, “addiction”, “dependence”, “guidelines”, “pharmacological interactions”, “drug interactions”, “substance interactions”, “healthcare costs”, “treatment acceptance”, “treatment adherence”, “share decision-making”, “pharmacy”, “partial agonists”, “reward system”, “dopamine receptor antagonists”, “dopamine receptor agonists”, “third-generation antipsychotics”, “injectable antipsychotics”, “clozapine”, “risperidone”, “olanzapine”, “quetiapine”, “amilsulpiride”, “lurasidone”, “ziprasidone”, “asenapine”, “paliperidone”, “aripiprazole”, “cariprazine”, “brexpiprazole”, “cannabis”, “alcohol”, “cocaine”, “amphetamine”, “LSD”, and “MDMA”. The search yield 2541 records; a total of 2465 publications were excluded due to duplication, ineligibility, and irrelevance to our topic, and nine were added by the authors No other specific or clinical inclusion/exclusion criteria were applied for article selection. Eighty-five articles were ultimately selected and included in the review (see the results of the search and the flow chart in the Additional file 2 and 3).

Results
Clinical features and burden of patients with schizophrenia and comorbid substance use disorder
Dual disorders are strongly associated with socioeconomic factors that can hinder recovery, such as poor family/social support, unemployment, homelessness and illegal behaviors/incarceration [18]. Although the profiles of patients with SCHZ/SUD are very heterogeneous, there is a predominance of males among this population, they experience an earlier onset of their mental disease, more severe (mostly positive and affective) symptoms and craving behavior, poorer premorbid functioning, and increased treatment resistance [5, 19–23]. Some reports have shown that tobacco (the first in prevalence), alcohol, cannabis, and cocaine are the most widely used substances in individuals with schizophrenia, with frequent multiple drug use [22, 24, 25]. Moreover, comorbid SUD, particularly alcohol and multiple drug use, is associated with poor treatment adherence, which contributes to high rates of relapse, emergency visits, and hospitalizations in schizophrenia and an increase in healthcare resource use [13, 26–28]. People with SCHZ/SUD also experience a higher risk of self-injury, suicide, and all-cause mortality [29–32] and suffer from more physical comorbidities, such as cardiovascular, metabolic, and infectious diseases [1]. All of these aspects incur enormous emotional, economic, and social costs and increase the challenges of treating this population.

Costs and care management models for patients with schizophrenia and comorbid substance use disorder
The annual societal costs per person of schizophrenia in European countries range from US$13,000 in Italy to US$119,000 in Norway. These costs are firstly driven by productivity losses, followed by direct healthcare and nonhealthcare costs [33]. In Spain, healthcare costs associated with schizophrenia accounted for 2.7% of total public healthcare expenditure in 2002 [34]. To the best of our knowledge, no recent cost-of-illness studies have evaluated the economic burden of dual disorders, but they probably contribute to increasing the expenses of healthcare, social, justice, and educational systems [35]. In addition, allocations for mental health care in national budgets are usually disproportionate to the burden of mental illnesses in several countries, and there is a need to increase the efficiency of care delivery and avoid the misalignment of available management models and patients’ needs [36].
The current models of care delivery for the management of SCHZ/SUD are the sequential, the parallel and the integrated models (Fig. 1). For both sequential and parallel models, the existence of two separate services to treat addiction and mental health independently usually results in insufficient and ineffective care due to coordination problems, favoring patient dropout, and poor clinical results [37]. As there is no clear line dividing the problems of SUD from the social and symptomatic problems associated with SCHZ, the management of the dual disorder needs to be integrated into a broader and collaborative approach, which is likely to reduce costs and improve outcomes [38]. This integrated model requires multidisciplinary follow-up to simultaneously address the psychological, medical, and social aspects of patients and their families, thus enhancing the continuity of support.
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Fig. 1Models of care delivery for comorbid schizophrenia (SCHZ) and substance use disorder (SUD)


Since non-compliance or partial compliance could lead to an increased risk of relapse and (re)hospitalization, an additional cost-effective strategy in SCHZ/SUD may be to prescribe long half-life drugs with simplified dosages and routes of administration that facilitate treatment adherence [39, 40]. This is the case of long-acting injectable (LAI) antipsychotics, which have been shown to improve medication adherence and reduce healthcare resource utilization [41–43], with greater benefits in the early stages of schizophrenia [44, 45].

Pharmacological treatment options for patients with schizophrenia and comorbid substance use disorder
Dopamine is a neurotransmitter that plays a crucial role in the pathology of schizophrenia and addiction. It is commonly associated with the pleasurable effects of recreational drugs and may be responsible for triggering neurobiological changes that lead to addiction, being involved in reward processing, motivation, and learning [46]. Despite differences in chemical structure and mechanism of action, all recreational drugs cause an increase in the release of dopamine, primarily in the nucleus accumbens. Chronic drug exposure triggers neuroadaptations in the dopaminergic striato-thalamo-cortical and limbic pathways (the amygdala and hippocampus). In parallel, changes in the expanded amygdala result in negative emotional states that perpetuate drug use in an attempt to alleviate them temporarily. However, actual drug use in addicted individuals is linked to reduced dopamine increases in the brain’s reward regions, which perpetuates drug intake and the need for higher doses [46].
Schizophrenia is also associated with a dysregulation in dopaminergic transmission: on the one hand, a subcortical dopaminergic hyperfunction occurs in the mesolimbic projections, resulting in the hyperstimulation of D2 receptors and the development of positive symptoms. On the other hand, hypofunction in the mesocortical dopaminergic projections to the prefrontal cortex results in the hyperstimulation of D1 receptors, with consequent negative, affective, and cognitive symptomatology [47].
Antipsychotics are crucial components of both acute and maintenance pharmacotherapy in schizophrenia treatment. The first generation of antipsychotics, which antagonize the dopamine D2 receptor, supported the dopaminergic hypothesis and proved effective in reducing positive symptoms (e.g., delusions and hallucinations) but also resulted in undesirable effects, such as extrapyramidal side effects, tardive dyskinesia, hyperprolactinemia, and dopamine supersensitivity. Molecular imaging studies have demonstrated that achieving a dopamine D2 receptor occupancy rate higher than 65% with antipsychotic treatment is clinically effective; however, a D2 occupancy rate of > 80% can provoke extrapyramidal effects and may be associated with depressive, cognitive, and/or negative symptoms [48, 49]. Second-generation antipsychotics (SGA) such as clozapine, risperidone, paliperidone, quetiapine, and olanzapine are dopamine D2/5-HT2A antagonists with better tolerability profiles [50]. Apart from antipsychotic action, the blockade of 5-HT2A receptors may reduce negative and cognitive symptoms in schizophrenia by increasing dopamine release in the prefrontal cortex. The main drawback of some SGA is that they can induce weight gain and metabolic dysfunction [51], and long- or high-dose exposures increase the risk of dopamine supersensitivity, although less than first-generation antipsychotics [49]. Supersensitization of the D2 receptor by potent antagonists has implications for comorbid SUD, which may negatively affect the clinical outcomes [52].
In patients with SCHZ/SUD, hypodopaminergy caused by continued substance use can worsen with potent D2 antagonists, leading to more side effects, anhedonia, reduced initiative, and the potential appearance of post-psychotic depressive episodes that hinder functional recovery and worsen prognosis [53]. Moreover, the potent D2 antagonism exerted by haloperidol, fluphenazine, chlorpromazine, risperidone, olanzapine, and paliperidone reduced the reward-enhancing effects of nicotine in smokers with schizophrenia, which would increase the consume and negatively affect the treatment of nicotine dependence in these patients [54]. In contrast, antipsychotics that are not potent dopaminergic antagonists have a particularly favorable profile in patients with dual schizophrenia. Accordingly, a recent systematic review and meta-analysis has suggested an association between clozapine treatment and significantly more abstinence from (time without consume of) substance use and lower rates of psychiatric hospitalization, compared with other first- and second-generation antipsychotic medications [55]. Clozapine has also been shown to reduce the risk of developing SUDs among patients with schizophrenia and the risk of relapse among patients with SCHZ/SUD [56]. When compared with first-generation antipsychotics, clozapine showed superiority in reducing self-reported measures of SUD among poly-substance users, and it was also superior to risperidone in poly-substance and cannabis users, but not superior to olanzapine or ziprasidone [57].
Dopamine receptor partial agonists (aripiprazole, brexpiprazole, and cariprazine) differ from SGA owing to partial agonism at the dopamine D2 and D3 receptors. These drugs can act differently (either as antagonists or agonists) depending on the levels of endogenous dopamine: they act as antagonists in the mesolimbic pathway, where high concentrations of dopamine are present, or they can act as agonists in the prefrontal cortex, where dopamine levels are low. Thus, they are expected to reduce positive and negative symptoms with acceptable tolerability and safety profiles [51, 58]. Although these three drugs share a similar mechanism of action, each drug has particular pharmacodynamic and pharmacokinetic properties, forming a heterogeneous therapeutic class [59]. Currently, aripiprazole is the only dopamine partial agonist with available LAI formulation. The potential role of partial agonists in the treatment of SCHZ/SUD was first supported by a naturalistic trial that showed greater improvement in craving and quality of life among patients with comorbid psychosis and SUDs treated with aripiprazole LAI than with paliperidone LAI, with similar clinical outcomes [60]. Later, a multicenter observational study also showed that aripiprazole LAI was efficacious in reducing psychotic symptoms and substance dependence, particularly alcohol and cocaine [61], and similarly effective in improving symptoms and global functioning in patients with schizophrenia with and without SUDs [62]. A post-hoc analysis of a head-to-head trial versus paliperidone LAI showed that the effectiveness of aripiprazole LAI on quality of life and functioning was not compromised by concomitant substance use [63]. Compared with haloperidol and quetiapine, aripiprazole was superior in terms of psychotic symptoms and craving among patients with dual disorders [64]. Recently, brexpiprazole has shown positive effects on psychopathology symptoms, quality of life, and craving in a cohort of real-world patients with SCHZ/SUD [65]. Another advantage of partial agonists is that they do not induce dopamine supersensitivity states, although switching from a potent D2 receptor antagonist to aripiprazole should be performed gradually over a long period of time, especially in patients with a history of previous dopamine supersensitivity psychosis, as it may exert more “agonism” and worsen symptoms [49].

Expert guidance on optimal management of schizophrenia and comorbid substance use disorder
Dual SCHZ/SUD is thought to be underdiagnosed and undertreated due to the lack of full diagnostic assessments and variations in clinical resources [66]. Adequate characterization of patients presenting with psychotic symptoms and SUD is essential for an effective treatment approach. Therefore, a thorough clinical evaluation is essential to make an accurate diagnosis and to be able to draw up an individualized treatment plan. A key aspect in optimizing patient management is to minimize the gaps between the need for SUD and schizophrenia treatment together with care delivery. This implies a more integrated patient-centered approach, planning a multidisciplinary follow-up from different perspectives and disciplines (psychiatric, medical, psychological, social, psychoeducational, etc.), and promoting a strong therapeutic alliance for better patient engagement [67]. The complexity of pharmacological treatment (polypharmacy, frequent dose changes, etc.), among other reasons, makes adherence to treatment difficult, especially in patients with dual SCHZ/SUD. It has been shown that patients’ involvement in treatment decision-making can increase their satisfaction with antipsychotic therapy and improve treatment adherence [68]. Thus, clinicians should consider patient preferences and medication side-effect profiles, focusing on the early detection of possible antipsychotic undesirable effects that could interfere with patient compliance [69]. Special attention should be paid to the prevention of suicidal behaviors in higher-risk populations (e.g., adolescents) [70] and the management of female patients, who are particularly vulnerable to the effects of addictive substances [71, 72].
LAI antipsychotics are effective treatments for schizophrenia and are associated with improvements in medication adherence and reduced use of healthcare resources [41–43]. Within the shared decision-making process, education of patients (families and physicians) is needed to consider LAI antipsychotics not as drugs of last resort, but rather as a first step to facilitate continuity of treatment and clinical remission. The benefits of LAI formulations are not confined to non-adherent patients, and LAIs could also be offered during the initial stages of schizophrenia [73, 74]. Accordingly, a real-world observational study demonstrated that the early introduction of paliperidone LAI (three monthly injections) in patients with recently diagnosed schizophrenia was associated with relevant improvements in social functioning and a high degree of treatment satisfaction, while maintaining symptomatic stability [75]. Risperidone ISM provides a fast and sustained release of antipsychotic without need of oral supplementation or loading doses, and has shown a quick control of symptoms in patients with an acute SCHZ exacerbation [76]. In patients with first-episode schizophrenia, aripiprazole LAI was associated with a progressive improvement in positive and negative symptoms and a decrease in clinical global severity, together with an improvement in quality of life and social and personal functioning [77]. Although these studies were conducted with non-dual patients and should interpreted with caution [43], by eliminating daily oral antipsychotic dosing, LAIs could promote treatment acceptance, improve convenience, and enhance self-esteem, encouraging also dual patients to regain control of their lives [78]. Targeting substance use can also improve antipsychotic adherence, as shown among patients with opioid dependence receiving medications for schizophrenia, in which antipsychotic adherence increased by more than 50% in periods preceded by a period of methadone adherence [79].
An important point to maintain high satisfaction with the treatment and care received is to actively ask about possible adverse effects of the medication or potential interference in the patients’ daily life. The pharmacological characteristics and pharmacokinetics/-dynamics of each antipsychotic should be considered, as well as patient backgrounds and preferences, to minimize drug interactions and side effects [80]. The patient should be warned about the possible interactions between the substance of addiction and the prescribed antipsychotic medication as well as the potential drug interactions with other medications or foods (Table 1). This is particularly relevant for commonly co-prescribed antiretrovirals (see https://​hiv-druginteractions​.​org/​checker for specific interactions) given the high prevalence of psychiatric illness in the HIV-infected population and the increased risk of HIV infection in patients with psychiatric illness [81]. Drug interactions of significant importance for psychiatrists, like those of antipsychotics with antidepressants, should be check on a one-by-one basis (see https://​www.​drugs.​com/​drug_​interactions.​html or https://​www.​webmd.​com/​interaction-checker/​default.​htm).
Table 1Potential drug-drug interactions


	Drug
	Metabolizing mechanisms
	Inducers
	Inhibitors
	Other interactions not mediated by CYP metabolism

	Aripiprazole
	CYP2D6
CYP3A4
	Carbamazepine, rifampicin, efavirenz, nevirapine
	Ketoconazole, grape juice, fluoxetine, erythromycin,
HIV-protease inhibitors,
bupropion, methadone
	Selective serotonin reuptake inhibitors (SSRIs) and serotonin and norepinephrine reuptake inhibitors (SNRIs)

	Cariprazine
	CYP3A4
	Carbamazepine, phenobarbital, efavirenz, etravirine
	Azole antifungals, grape juice, boceprevir, macrolide antibiotics, cobicistat,
HIV-inhibitors nefazodone,
diltiazem, verapamil
	P-glycoprotein substrates, such as dabigatran, digoxin

	Clozapine
	CYP1A2
	Cigarette smoke, carbamazepine, phenytoin, rifampicin, omeprazole
	Caffeine, perazine, fluvoxamine, oral contraceptives, ciprofloxacin
	Bone marrow suppressants, benzodiazepines, anticholinergics, antihypertensives, warfarin, digoxin, lithium, disulfiram

	Haloperidol
	CYP3A4
CYP2D6
	Carbamazepine, phenobarbital, phenytoin, rifampicin
	Erythromycin, levofloxacin, buspirone, ritonavir, alprazolam, azole antifungals, nefazodone, fluoxetine, paroxetine, fluvoxamine
	Class 1 A and class 3 antiarrhythmics, citalopram, methadone, ziprasidone, desipramine, imipramine

	Olanzapine
	CYP1A2
	Carbamazepine, phenytoin, rifampicin, omeprazole
	Fluvoxamine
	Diazepam, charcoal, antihypertensive agents, levodopa

	Paliperidone
	-
	-
	-
	Carbamazepine, valproate, levodopa

	Quetiapine
	CYP3A4
	Carbamazepine, barbiturates, phenytoin, rifampicin, glucocorticoids
	Azole antifungals, erythromycin, protease inhibitors
	Levodopa, lorazepam, thioridazine

	Risperidone
	CYP2D6
CYP3A4
	Carbamazepine, rifampicin, phenytoin, phenobarbital,
	Paroxetine, fluoxetine, quinidine, azole antifungals, ritonavir and ritonavir-boosted
protease inhibitors, verapamil
	Levodopa, furosemide




With regard to antipsychotic selection, the benefit on control of substance use [61, 64] and better tolerability profile of partial agonists [59] make these agents a good treatment option for dual SCHZ/SUD [60, 65, 82, 83]. Additionally, given the high rate of medical comorbidities in patients with SCHZ/SUD, regular health checkups should be performed. Patients receiving SGA require exhaustive follow-up of their cardiometabolic health [84]. Early detection and prevention of organic diseases can improve the course and prognosis of psychotic disorders and SUD and allows timely referral to other medical specialties. Sharing electronic health records can simplify inter-professional communication, which is an essential component of integrated care [85].


Conclusions
Patients with SCHZ/SUD constitute a therapeutic challenge, as they often do not fit the usual treatment services and protocols. Care delivery for patients with dual schizophrenia requires adequate personnel training and adaptation of the therapeutic plan to the particular characteristics of each patient. Their management should include psychosocial and pharmacological therapy within an integrated and multidisciplinary mental health approach that focuses on maintaining patient engagement with the healthcare system and professionals. A strong therapeutic alliance, shared decision making, and minimizing the burden of side effects would lead to adequate treatment adherence and favorable outcomes.
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